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(57) Abstract 

Imaging apparatus including a first member having a 
first surface having formed thereon a latent electrostatic im- 
age, the latent electrostatic image including image regions at a 
first voltage and background regions at a second voltage, a 
second member charged to a third voltage, intermediate the 
first and second voltages and having a second surface adapted 
for resilient engagement with the first surface and a third 
member adapted for resilient contact with the second surface 
in a transfer region. The imaging apparatus also includes ap- 
paratus for supplying liquid toner to the transfer region there- 
by forming on the second surface a thin layer of liquid toner 
containing a relatively high concentration of charged toner 
particles and apparatus for developing the latent image by the 
selective transfer of portions of the layer of liquid toner from 
the second surface to the first surface. 
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J LATEKT IMAGE DEVELOPMENT APPiRATOS 

fXBLp OF THE TWWWT^ 

5 apparatus in electrophotographic imaging .y^™ 1 *""* 

_ mu 3Ac K gqoiwn of thf rny^^ 

I „ «. n,ethod of d ^elopin g a latent image formed on „ 

8 photoconductive surface by means of , T 

on . Motacn^ctiv. surface t». " ; "* 


on the circumferential surface nf 
a roller and brinaina i. " su "ace of 


13 
14 

ll directly or by neans " " 0 Z""™' ** either 

17 members " a ° re inte ^diate transfer 

18 In USA 
19 
20 
21 

22 a roller and bringing the layer ~ a «~T" T 

coner layer onto the photoconductive surface th-T, 

25 occurs as a function of the electric fi.i* * then 

26 latent image. . ele ° trlC field strength of the 

27 In Canadian Patent 990589 a m*+>* n * 

23 electrostatic images is describe* Involves 

29 a film of liquid toner on a aBDli ™ . produci »9 

30' the applicator in contact witn"L fL a r h T trin9lng 
3! carries a latent image, the reb ,o de^eiop^e 

32 second applicator bearing a layer of ZZlll ^ * 

33 brought into contact lith I ™t ^ 
« bacfcground deposits and to sgueegee out ^ liguid^Z 

35 fl im of liquid toner described in Canadian Pate^ 990589 

36 has between 2 - . 4 - per cent of toner concentrate dispersed 
.37 within the carrier liquid. dispersed 
38 
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1 SUMMARY OF THE TWVENTTOM 

2 It is the object of the present invention to provide 

3 simplified apparatus for the development of latent images 

4 in electrophotographic imaging systems by the direct 

5 transfer of concentrated liquid toner. There is therefore 

6 provided imaging apparatus including: 

7 a first member having a first surface having formed 

8 thereon a latent electrostatic image, the latent 

9 electrostatic image including image regions at a first 

10 voltage and background regions at a second voltage; 

11 a second member charged to a third voltage 

12 intermediate the first and second voltages and having a 

13 second surface adapted for resilient engagement with the 

14 first surface at a first, transfer, region; 

15 a third member resiliently urged against the second 

16 surface at a second region; 

17 means for supplying liquid toner comprising charged 

18 toner particles and carrier liquid to the second region, 

19 thereby forming on the second surface a thin layer of 

20 liquid toner containing a relatively high concentration of 

21 charged toner particles; 

22 means for developing the latent image by the 

2 3 selective transfer of portions of the layer of liquid 

24 toner from the second surface to the first surface at the 

25 first region to form a developed image on the first member; 

26 and 

27 means for transferring the developed image from the 

28 first member to a final substrate. 

29 There is further provided in a preferred embodiment of 

3 0 the invention imaging apparatus including: 

31 a first member including a first surface having formed 

32 thereon a latent electrostatic image, the latent 

33 electrostatic image having image regions at a first voltage 

34 and background regions at a second voltage; 

35 a second member charged to a third voltage 
3 6 intermediate the first and second voltages and having a 

37 second surface adapted for resilient engagement with the 

38 first surface; 
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1 a third member adapted for depositing ™ <-k 

2 of the second member a thin T surface 

7 the surface of #*. „ / llqUld toner f ro» 

ace of . the second member to -t-w^ 4. 

8 surface of the first member thToorti ^"^uctive 

9 surface of the second ! \ remaining on the 
10 image; and ^ Cons "tuti„g the desired 

» sub St ::r for «- — i— to . final 

13 Either or both of the first an n «, 

« Preferably formed of resilient '"iTul ^ 

1* memher In ir: S^tTlT^ °* ^ «" -ird 
» ^ a resiiient hLL In at 3 ^ *» At 

18 third member is a * r i™ . rd ^rred embodiment the 

ejr iS a spring-mounted vire-wrann^w 
18 ^rnatlvely the third member is l^SL^tj^ 

» hollow ^rum containing Uguid to ner a n a a 3 ffletalli °-— 
urged against the inner surface d " e 

preferably also including a doctor bla^ in ree °' 

the second surface. Preferably Ze met L enga9e » ent wit * 
arum, containing ii gu id ton« a^ a h ° 1X ° W 

28 single disposable unit. " q "~ 9 - blade fo ™ - 

29 Preferably the third member is an ir,<- 

3« layer. °°"^ tt " 4 ° n °™^"« to that or the tsln 

35 In a preferred embodiment *k 

36 thickness of the thin laZ is b > lnVenti ° n toe 

37 micrometers. * " betWeen 5 ™* " 

in an especially preferred embodiment of the invention 


24 
25 
26 
27 
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2 dry to the touch. Generally suoh a layer has a solids 

3 concentration of more th.n =„ solids 

4 between 2 and S ^rLe^s. — - « tbi — - 

* =f the^ent'L^". P " Vided ' ** * W — i—t 
of the invention, imaging apparatus Including: 

6 there!""' T*" inClUdin * a surface having forced 

6 thereon a latent electrostatic image the l^Zl 

• electrostatic image having image regions aVa fLst voltal 
and background regions at a second voltage; * 


9 
10 

11 a second member having a second surface and beino 

12 charged to a third voltage intermediate the rst La 

13 second voltages; " rst and 

14 means for resiliency urging 


— resiliency urging the . second surface 

15 against the first surface at an interface region; 

16 means for supplying to the interface region liouid 

^concentration of cha' ed 


16 means for 

18 pa"^^^!^ ? "T C ° nC6ntration «f charged toner 

30 and second memte rs Hn d ' " «- «« 

22 1 the flrsT ^ tranSferrin ^ the ^veloped toner image from 
22 the first surface to a final substrate. 

" . .! here 18 fUrthSr Pr ° Vided ' in * Preferred embodiment 

» ™r ntion ' a u - id *~ — ™r 

26 a housing; 

27 a quantity of liquid toner concentrate within the 

28 housing, the liquid toner concentrate having a fi^t 

29 concentration of solids to liquid; and 

30 means for dispensing a thin layer of li guid toner 
concentrate from the housing, whereby the thin layer has I 

3 3 C °" Centrati0n ° f ^ liquid Which is g reater 

33 than the first concentration. 


31 
32 


34 The first concentration is preferably at a 

35 concentration of greater than 2S percent and the second 
>n is crumbly in texture and almost dry to the 

hM 3 SOlids c °n«ntration °f greater than 40 
38 percent, desirably more than 50 percent 


35 
36 


— r"™»- auu ujie SE 

concentration is crumbly in texture and almost dry to the 
37 touch and has a solids «.„„,., - y ° tfte 
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"** In a preferred embodiment * 

2 tor d iapensing incWTLlLT "T the » eans 

' " ton.r oo„o.„„.„ J™ «*« <*~ -W 

10 pr.f.robly looaodino colli.™ •*"»"■" thor.froo, 

" liquid . f* P1U * ry "**"= *- "«»losr off o«o.,3 

" of jo ot **• inv ""°- ■ 

1= »o to. =^"L ? ™ r ™° V "' ,Ir °" -r-ldw 
cartridge includes means for- 

16 Versing the unread portion. ««^-»g and 

16 g^ISF PWSrBTPTTQW fflg PffnTrn Tr - 

The present invention will tJ ^ 

19 appreciated ffiore fully Z™ ^" be understood end 

20 description, t aken ?» Allowing detailed 

21 which: ^ conjunction with the drawings in 


» construed 1 * ~ ^ ~ ~- 

24 embodiment of the present invention; Preferred 
Fig. 2 is a schematic diagram of a multi-color • 
apparatus in accordance with a r™* * imaging 
_ watn a preferred embodiment- ~* . , 

27 present Invention; «nooaxment of the 

H aevellpl; ^IrtT^ZZl 1 : " ' 

30 with ^preferred emhodiment of ^^1^™" 

31 Figs. 3B, 3C, 3D, 3E, 3P , 3G and 3H ' 


25 Fig 
26 


28 Pig. 3A is a 

29 developer assembly 

30 with a preferred eat 

_ ~.„r.f .Looi:.-^!;: rj., « 
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1 Fig. 6 is a schematic diagram showing toner supply 

2 apparatus in accordance with an alternative embodiment of 

3 the present invention; and 

4 Figs. 7A and 7B are schematic diagrams of an 

5 alternative embodiment of a developer assembly constructed 

6 and operated according to the present invention. 

7 DETAILED QKSCRTPTTnM n F PR^ ^ EMBOnTM^UTC 

8 Reference is now made to Fig. i wnicn iii ustrates 

9 imaging apparatus constructed and operative in accordance 

10 wxth a preferred embodiment of the present invention. 

11 The apparatus of Fig. i comprises a drum 10 arranged 
12- for rotation in a direction generally indicated by arrow 

13 14. Drum 10 preferably has a cylindrical photoconductive 

14 surface 16 made of selenium, a selenium compound, an 

15 organic photoconductor or any other suitable photoconductor 

16 known in the art. 

17 When the apparatus is operated, drum 10 rotates and 

18 photoconductive surface 16 is charged by a charger 18 to a 

19 generally uniformly pre-determined voltage, typically on 

20 the order of looo volts, charger 18 may be any type of 

21 charger known in the art, such as a corotron, a scorotron 

22 or a roller. 

23 Continued rotation of drum 10 brings charged 

24 photoconductive surface 16 into image receiving 

25 relationship with an exposure means such as a light source 

26 19, which may be a laser scanner (in the case of a printer) 

27 or the projection of ah original (in the case of a 

28 photocopier) . Light source 19 forms a desired latent image 

29 on charged photoconductive surface 16 by selectively 

30 discharging a portion of the photoconductive surface, the 

31 image portions being at a first voltage and the background 

32 portions at a second voltage. The discharged portions 

33 preferably have a voltage of less than about 100 volts 

34 Continued rotation of drum 10 brings charged 

35 photoconductive surface 16, bearing the electrostatic 

36 latent image, into operative engagement with the surface 21 

37 of a developer roller 22 which is part of developer 

38 assembly 23, more fully described below with reference to 
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3 such that tLe ls sL'ntT,, 10 ' " ^ * »■ 

4 between their respective T ^ ° "^"^ 

5 surface 2! J £ - 

« a so. polyurethane X la i ^SSS" °* 

7 electrically conductive by the inc^T 

8 additives, while developer roller 3 1 , n ° 1USl0n ° f c.aductlng 
• suitable electrically" £ L^L f 

10 drum 10 fflay be forned relati ^? ! Alternativ *Xy, 

XX and in such case surfac " ^ ^ n ' ateria1 ' 

12 composed of either a rloid L ^op*r ro i le r 22 may be 

As describe! heLw 9 sur^Tr Baterial - 
X4 thin l ayer of Bwl ^^- -«- «** * very 

15 preferably containing 15-35% charoed t ? t0nSr ' 

16 desirably more than 25% so ids LeTl Parti ° le8 ' 

o a is « r . d «... . p^^^rjL. * 6 - m 

in a preferred embodiment r,f *-v. 

22 concentrated form of liouid ^ lnvention < a 
•5-> -liquid toner such as fk. *. 

23 described in Example 1 of n <: » * t0ner 

24 .disclosure of which is ln , nt 4 ' 794 '«51, the 

25 used -t^^"^^^*^- B ~'- 1 - 

26 invention. For colored * *" US3ble in tte 

27 preferred to^r iT^LJT™ *» tt * 

28 known in the art COl ° red ^ Mt 3 as is well 

31 photoconductive surface M of £T£ 2T 

32 voltages between developer roller 22 f" erence 

33 surface 1S causes the select LaLe ^e 

34 toner particles to photoconductive surface 16 T °J 

35 developing the desired latent image. D-endi™ * 

3 3 : wtt: of toner charge poiarity - «- usToT" :Ltt 

white" or "writp-hia^ii wriLe 

ck system, the laver r»*> 
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i 

2 
3 


charged or discharged areas of photoconductive surface 16, 
and the remaining portions of the toner layer will continue 
to adhere to surface 21 of developer roller 22. 

4 Because the transfer of the concentrated layer of 

5 toner is much less mobility dependent than in normal 

6 electrophoretic development, the process described above 

7 occurs at a relatively high speed. Also, since the layer 

8 already has a high density and viscosity, there is no need 

9 to provide for metering devices, rigidizing rollers and the 

10 like which would otherwise be necessary to remove excess 

11 liquid from the developed image to attain the desired 

12 density of toner particles of the developed image. 

13 For multicolor systems, as shown in Fig. 2, a 

14 plurality of developer rollers may be provided, one' for 

15 each color, which are sequentially engaged with 

16 photoconductive surface 16 to develop sequentially produced 

17 latent images. 

la The latent image developed by means of the process 

described above is then directly transferred to a desired 
substrate in a manner well known in the art. Alternatively, 

21 as shown in Fig. 1, there may be provided an intermediate 

22 transfer member 40, which may be a drum or belt and which 

23 is in operative engagement with photoconductive surface 16 

24 of drum 10 bearing the developed image. Intermediate 

25 transfer member 40 rotates in a direction opposite to that 

26 of photoconductive surface 16, as shown by arrow 43, 

27 providing substantially zero relative motion between their 

28 respective surfaces at the point of image transfer. 

29 Intermediate transfer member 40 is operative for receiving 
3 0 the toner image from photoconductive surface 16 and for 

31 transferring the toner image to a final substrate 42, such 

32 as paper. Disposed internally of intermediate transfer 

33 member 40 there may be provided a heater 45, to heat 

34 intermediate transfer member 40 as is known in the art. 

35 Transfer of the image to intermediate transfer member 40 is 

36 preferably aided by providing electrification of 

37 intermediate transfer member 40 to provide an electric 

38 field between intermediate transfer member 40 and the image 


19 
20 
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1 areas of photoconductive surface 16. Intermediate transfer 

2 member 40 preferably has a conducting layer 44 underlying 

3 an elastomer layer 46, which is preferably a slightly 

4 conductive resilient polymeric layer. 

5 Various types of intermediate transfer members are 
7 TIT. deSCribed ' *« -ample in U.S. Patent 
7 4,684,238, PCT Publication WO 90/04216 and U.S. Patent 

9 8 nerelnT' T diSCl ° SUreS ° f aU ° f «*- « i-orporatea 
9 herein by reference. 

I 1 ! 42 or. 110 ^ 9 th6 . tranSfer ° f th « ^ner image to substrate 

12 surface 16 ed " te 4 °' P h ^°-^uctive 

13 • en9a9eS 9 Cle8ning 8tation 49 ' which may be any 

13 conventional cleaning station. Scraper 56 completes Z 

14 removal of any residual toner which may not have been 

15 removed by cleaning station 49. A lamp 58 then comple^s 
is the cycle by removing any residual charge, characteristic 

of the previous image, from photoconductive surface 16 

19 of «T 13 t0 te UnderStood that ' in a preferred embodiment 

20 transT TT ' ^ t0 " r — trate which is 

21 parti!! *™ " *as substantially the same toner 

22 1 ? C ° nCentration as th * *»"«• when it is transferred 

22 from drum io. This is in contrast to traditional liquid 

23 development where the liguid - developer has a comparatively 

ex°c W es C s 0n T tra r° n °' PSrti ° leS ^ — and wherl 

26 from V h . " rem ° Ved fr ° a ^ ^ansfer 
26 from the photoconductor . it is also in contrast to u.s. 

28 <11T m?' 1 : 8 ' inwhioh ^^er supplied to the drum 
28 (and which is transferred to the drum) is more 

frTL ' T WhSre eXCeSS 1±gUld — Sti11 ^ remold 

from the imam Vu>fA». 4 ^> . 


17 
18 


30 
31 
32 


^, . . , «u B i. still ee removed 

from the image before transfer to the final substrate, m a 

toning material is at a solids concentration substantially 

33 equal to that of the image transferred from the drum. The 

34 toning material may be further concentrated before contact 

35 with drum io or mechanical squeegeeing may be used to 

36 further increase the concentration during the process of 

37 transfer of toner to the drum. 

38 Reference is now made to Fig. 3A which shows the 
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1 construction and operation of a preferred developer 

2 assembly 23A. Developer assembly 23A comprises a toner 

3 dispenser 62 which dispenses liquid toner concentrate onto 

4 the surface of a roller 64 arranged for rotation in a 

5 direction indicated by arrow 68. Roller 64 is preferably 

6 formed of metal and roller 21 is formed of a metal core 

7 having a covering of an elastomer material, which is 

8 preferably a slightly conductive resilient polymeric 

9 material, as described for example, in U.S. Patent 

10 3,959,574 or U.S. Patent 3,863,603. Roller 64 may have a 

11 very thin coating of polymer material. As it rotates, 

12 roller 64 is resiliently urged against surface 21 of 

13 developer roller 22, by virtue of a spring 70, and a thin 

14 layer of liquid toner concentrate is formed on surface 21 

15 of developer roller 22. The thickness of the layer is a 

16 function of the pressure applied and the hardness of the 

17 surfaces. 

18 Roller 64 may also be electrified by a D.C. source to 

19 avoid deposition of toner concentrate on roller 64. It may 

20 further or alternatively be connected to an AC source, 

21 which is operative to reduce somewhat the viscosity of the 

22 toner concentrate and generally to cause the deposition of 

23 a smoother layer on surface 21 of developer roller 22. 

24 In a preferred embodiment of the invention, the liquid 

25 toner is supplied at a pre-determined concentration, equal 

26 to the concentration of toner particles necessary for the 

27 desired optical density of the final image. Supply of the 

28 liquid toner concentrate at the pre-determined 

29 concentration obviates the need for pumps, tanks, sensors 

30 and other costly apparatus which would otherwise be needed 

31 in the event a dilute solution* of liquid concentrate is 

32 provided. 

33 In an alternative embodiment, the liquid toner is 

34 supplied at a concentration less than that required for 

35 optimal development of the latent image. In such event, 
3 6 roller 64 may also function as a mechanical and electrical 

37 "squeegee" roller, i.e. when urged against surface 21 of 

38 developer roller 22, it mechanically removes excess toner 
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1 fluid from the layer impressed on surface 21 «»h u 

2 charged with a siH^ki , aCe 21 ' and when 

3 charged "rtlcll T P ° tentia1 ' " the 

4 adhere to si 8 Th ^ ^ '° o1 — * 

5 removed is «co!ere d L; r eXCeSS " Ui<i ""^ haS 


10 

14 the process of developing the i atan , < surface 16 xn 

the systen, described aLve does It 
" portions of the toner layerl ^ ^ the 

" envelopment of the UtIL ^ Tre^T "I ^ ^ 

19 r= r ~zr • ~ rt= 
« fields m r j^r^irrs^L r 

"ller 22 and drum 1Q/ a cleaninQ or developer 


21 


" apparatus, to re Jve 2 \ Z T 

24 surface 21 of developer roller" ^ to C ° nCentrate f "® 

25 then be W J te ^ " ^ 

- toner, or fflay be aixe d with^lr ^^0^ 

27 nip between Houoi« g rea into the 

28 


toner Deing f, 
nap between developer roller 22 and roller 64 
Reference is now mad« +-~ . . 


- — ««w toiler 64. 

Reference is now made to Fias 3R 
29 show alternate efflhn ^- w _ through, 3H , which 

alternate embodiments 23B through 23H ~* » 

33 r ^rvtr^: ~ on .~* 

34 concentrate on developer roller 22 ""^ 
33 « a » to „ p . mo& . t „ mt „ iii aM 
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1 release from blade 74 . 

2 in Fig. 3C, roller 64 is replaced by a spring-mounted 

3 wire-wrapped solid rod 65, and the coating of surface 21 is 

4 accomplished by a "wire-rod" process as is well known in 

5 the art. Rod 65 may also be electrically biased. 

6 in Fig. 3D, roller 64 is replaced by a metallic-screen 

7 drum 74 in which a squeegee blade 75 is mounted and which 

8 is urged against the inner surface of the metallic screen 

9 74 near its point of contact with developer roller 22. 

10 Liquid toner concentrate is supplied to the inside of drum 

11 74 and is deposited on surface 21 through the screen when 

12 drum 74 is rotated together with roller 22. in a preferred 

13 embodiment, the metallic-screen drum together with the 

14 squeegee blade and a supply of liquid toner concentrate are 

15 supplied as a disposable unit which is replaced when the 

16 toner material is depleted. 

17 Fi< 3' 3E show s a preferred alternative to the 

18 disposable unit described. In the embodiment shown in Fig. 

19 3E, toner concentrate is fed to metallic-screen drum 74 

20 from a reservoir 80 by pump 82 via conduit 84. The pressure 

21 of the toner concentrate in drum 74 is kept substantially 

22 constant by pump 82. This pressure is not sufficient to 

23 force the toner concentrate through the screen over most of 

24 its surface. However during rotation of drum 74 the tip of 

25 squeegee blade 75 increases the pressure sufficiently to 

26 force the concentrate through the holes to coat roller 22. 

27 Alternatively, as shown in Fig. 3F, a replaceable 

28 pressurized container 86 of toner concentrate replaces 

29 reservoir 80 and pump 82. In the embodiments of Fig. 3E 

30 and 3F, drum 74 is preferably not removed when the toner is 

31 replenished. 

32 In Fi 9- 3G > roller 64 is replaced by an extrusion 

33 coating head 76, which dispenses the liquid toner 

34 concentrate in a layer upon surface 21 of developer roller 

35 22. 

36 F ig- 3H shows an alternative embodiment of the 

37 developer assembly in accordance with the invention. The 

38 apparatus of Fig. 3H is similar to that of Fig. 3A, except 
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1 that the llquid toner concenfcrate supplied to t . 

b ™ rr^ ^ surfaca ° f — ^ • 

4 on th. * ^ ° f t0ner — trate is forced 

4 on the surface of roller 64 which is then transferred in 

5 the manner described above. 

7 . ecti Ref r en ° e iS made t0 Fig - 4 Which « cross- 


12 r«in ana drum 10 a" mechanically 

» Lff ^ ^ t09ether ' of Fig 4 

13 differs from the other embodiments in that a thin layer or 

14 concentrated material is formed by extrusion between the 
ZITT ^ *" M they »« tog.th«: and ' 


19 JT ^ "aocgro^ portions which re^in on roller 

20 
21 


~ embodL f ;r nc : f i i now aade to Fig - 5 which ShWS 

ooaiment of the apparatus in accordance with th« 
22 invention. The apparatus of Pig. 5 is similar 

" Fig ! except that the apparatus is used for a ..reversal 

development on roller 22 hv ,^ * , reversa l 


24 
25 
26 


aeveiopment on roller 22 by the l.*...* 

Photoconductive surface 16 m 1. h !f ima9e ° n 

. 6 16 * ln tnls embodiment, the desired 

image is formed by the areas Q f lfM 
5-7 ^« areas of toner concentrate which 

27 remain on the surf ace of developer roller 22 after th 

28 development of photoconductive surface \ 6 an f L 

2, developer roller 22 and not drum 10 which is'theT brought 
30 into operative association with an intermediate transfer 


31 member 
32 


member (not shown, or a final substrate so as to obtain a 
33 76 which is operative to pump back for reuse the tLr 

z~\ w t . has been **- p^otoconduct::: 

35 surface 16 by cleaning station 56 at the conclusion of the 

36 paging cycle. Any of the developer assemblies described 
7 above may also be used in the context of this embodiment 

Reference is now made to rig. s, which shows an 
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1 alternative embodiment of a toner supply apparatus i„ 

2 accordance with the invention. The apparatus of Fig. 6 

3 comprises a housing loo to which arms ioa and no are 

4 attached. Arms 108 and no are adapted to be resiliency 

5 urged against surface 21 of developer roller 22. Interior 

6 to housing ioo is a piston-like platform 112 which is 

7 spring-mounted on the base of housing 100. in operation, 

8 housing ioo is filled with liquid toner concentrate which 

9 is pushed in the direction of developer roller 22 by the 

10 action of a spring 113 on platform 112. Arms 108 and no 

11 serve to contain the liquid toner concentrate from spilling 

12 outward, and arm 110 further functions as a blade to meter 

13 the deposition of the required amount of liquid toner on 

14 surface 21 of developer roller 22. Arm no may also be 

15 biased electrically as explained above. 

16 Alternatively, spring 113 may be replaced by a gas- 

17 Pressure apparatus which is operative to cause dispensing 

18 of the liquid toner concentrate by propelling platform 112 

19 in the direction of developer roller 22. 

20 m another embodiment of the invention, housing 100 

21 together with a supply of liquid toner concentrate and 

22 roller 22 may be supplied as a disposable unit, being 

23 replaced when the supply of liquid toner concentrate is 

24 depleted. 

25 Reference is now made to Figs. 7A and 7B which show an 

26 alternative embodiment of developer assembly 23 in 

27 accordance with a preferred embodiment of the invention. In 

28 this embodiment, the developer assembly (including the 

29 developer roller and associated elements) is net a fixed 
3 0 component within the imaging apparatus itself, but rather 

takes the form of a replaceable cartridge 150 which can be 
readily inserted into the casing of the imaging apparatus 
(not shown) and removed therefrom when the supply of liquid 

34 toner concentrate has been depleted. As shown in greater 

35 detail in Fig. 7B, cartridge 150 comprises a housing 152 

36 and an internal space 154 containing a supply of liquid 

37 toner concentrate. In accordance with a preferred 
embodiment of the invention, the liquid toner supplied with 


31 
32 
33 


38 
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1 cartridge 150 contains a relation „ u 

2 charged toner particles on I ^ ^ "^ration of 
liquid, a movable plat"™ 15 Tl " 3 ° % ' *"* aMn 
base of housing iL bvY nOUnted lnterna11 - ^ the 

5 — tension^! BP L iTi"! T* * " 

6 capacity with liguid toner C o nc en t ra^ 1 ' ^ ^ 

7 between housing i 52 and fflovable T^Z Tss "° 
a with an y suitabie li^JCS.™ ^ PaCkSd 
9 sponge. Platform 1 56 oontains a network of L ^ * 

10 16 2 through which excess liouid e 5 

11 space i 60 and be absorbed by L 1 £ int0 

12 contained therein. sponge-lxke material 

13 Mounted within housing 152 is a ™-n 

14 composed of any suitable eLctLllly LnLt * 

15 and which has a surface composed or a soft , 1081:817131 

16 material, preferably rn.de more alecLL^ P ° lyUrethane 

17 the inclusion of ^ al ^"^ive by 

18 embodiment of the invention roI r no h 

19 diameter, desirably l esfi «, 1 * S a sma11 
- about 2.25 cm. T he L aC e TrollT^ ~ 

21 from the opening of housin \ 52 ll^T^ 

22 150 is installed in the imaging' " ^ ^ Mia ^ 

23 roller 170 contacts th e JV W^tus, the surface of 

24 When the appals is JFTT****" ***** ° f 10 ' 
2B charged andTctsed ™ * ^ ™ 
2 6 by arrow 171 a« < * direct ion indicated 

27 "* h T W C^ - 

28 surface of roller 170 which J I de P osi ^« on the 

29 roller with re^rl lo ITZ 2^™ " 3 

30 photoconductive surface of ^ ° n «» 

31 that described above wiL ^LZLTZ^ " 

32 the invention. embodiments 


33 In addition to roller I7n -.^.u 

34 other rollers i 72 ! ^ cartei *ge "0 comprises two 

r rollers, i 72 and 174, which are mounted within 

35 housing 152 such that the surface of roller t 

36 the surface of roller 170 at point 182 an^H 

37 roller 174 contacts the surfac! Trll l^^U~JT 

38 Roliers 172 and 174 are composed of any s"ta b l e 
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1 electrically conducting material. Roller 172 has a 

2 diameter which is significantly smaller than that of roller 

4 172° \T S '« i£ r ° ller 170 haS * «*-*« of 2.25 cm., roller 

4 172 has a diameter of 1.5 cm. 

5 When cartridge 150 is installed and the imaging 

6 apparatus is in operation, rolZers 172 and 174 \ r l 

7 electrically charged and are caused to rotate in a 

8 direction opposite that of roller 170 (as indicated by 

9 arrows 173 and 175) , while they are urged against the 
10 resilient surface of roller 170. 

12 that T L fSatUra °* ^ emb ° din,ent °f the invention 

13 solid ^ deP ° Sited °" "0 has a very high 
- solids concentration of preferably greater than about 40 

percent and typically between 50 and 60 per cent, when the 
initial concentration of solids in space 154 is preferably 
above 25* and typically about 30 per cent. This layer of 
toner has been found to be almost dry to the touch, non- 
flowing and crumbly in texture, it has also been found that 
the quality of the developed latent image is enhanced 

21 "V "° additional <*yin* aechanis* is 

21 needed when the i^age is transferred to the final 

22 substrate. since so much liquid has been removed from the 

23 layer a thickness of 2-8 micrometers on roller 170 is 

24 sufficient. 

25 Because of the relatively small diameters of rollers 

26 170 and 172, a relatively small force of up to 300 gm- 

27 force/cm of length applied at the line of contact of 

28 rollers 170 and 172 is sufficient. For this force, if 

29 negatively charged toner particles are used, roller 170 

30 preferably is charged to an electrical potential which is 
150 volts more positive than that of roller 172 and roller 
174 is charged to an electrical potential which is 250 
volts more positive than roller 170. 

It will readily be seen that since interior space 154 

35 of housing 152 is filled with liquid toner concentrate, 

36 when the apparatus is activated and rollers 170 and 172 

37 rotate, the interaction between roller 170 and 172 at 

38 contact point 182 results in the deposition of a 


14 
15 
16 
17 
18 
19 
20 


30 
31 

32 174 is 
33 
34 
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1 concentrated layer of li guia tona _ Qn ■ 

2 170. Then , as roller 170 " ao J^ £ **• ^ fa « ■* roller 

3 in turn as a developer roller m ' " fUnCtions 

-5 layer or tne dry to the touch t °' **' 

«. being selectively transferred to ^ concentrate 

7 thereby developing t^e ^t 

8 with regard to thl **' 38 ex P lai "<*° above 

. ^j^r^Tsr*" of the invention - - 

XO resilient surface of roUer l 70 TTT ^ 

11 large proportion of the carrL ^ ^ 182 ' a 

» toner concentrate is i^^^r^* ^ 

13 deposited on roller 170. 1W ° f t<3ner is 

1 4 After portions of the laver- * 

15 been transferred to the L£ce of , h -e 

16 latent i mage ^ r " . SUrface °* dru* 10 to develop the 

- roller ^a^L^^^T °* ^ ^~ - 

18 until they reach contact point xsT^tT^ ^ 17 ° 

» roller 174 . Then , became f l a T "° Md 

20 potentials on roller ito , relative electrical 

» Portions of the"^ y^e^ "\ ^ ™* 

22 at contact point 184. Dottrel t0 ro11 ^ 174 

23 resilient blade 176 whichT ! P ° lnt 164 ' a 

25 toner layer fro, the surface of ro^ r ^ P ° rtl ° nS °* ^ 

2 ? scrapr a o « of^™ ^ ^ « 

28 not disperse ^^T^S™' ^ ^ 

29 regaining in the cartridge. To Til in 11 C ° nCent -te 

30 process, a pair of mno ,H , toe dis P*"»ion 

31 X78 and 180 P are llZlT^lT^ 

32 portions of dry toner scr"^ ^ " r ' ^ ^ 

33 between them and are broken apart by t^e Jt . • ^ **" 

34 teeth on the rods. The turbui! interaction of the 
33 m ove»ent of rods 173^^ ~ J ^ 

36 the drier portions of the toner wilhi" 1 dlSPerSl ° n ° f 

37 toner concentrate. the solut ion of 

38 As the initial suoolv of 

uppiy of toner concentrate contained 
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1 within space 154 is gradually depleted in the process of 

2 developing the latent image, the action of spring 158 

3 causes platform 156 to push the mass of toner concentrate 

4 within space 154 in the direction of contact point i 82 

5 until space i 54 is virtually emptied of toner concentrate! 

6 A seal 190 is also provided between housing 152 and roller 

7 172, so as to ensure that liquid toner may not be released 

8 from cartridge 150 except as a result of the interaction of 

9 roller 170 and roller 172 at contact point 182. 

II i! 3 C ° nSegUenCe ° f «- that a large proportion 

11 of the carrier liquid contained within the toner 

12 concentrate is squeegeed out when the layer of toner is 

14 wi 6 SL lted " r ° ller 1?0 ' C ° ncent « te -till remaining 

14 Within space 154 is subject to an ongoing process of 

16 IT! 1 ™' " ^ COnCentrate is — up. were this 

16 dilution process allowed to continue unchecked, it could 

17 result in an unevenness in the liquid content of the toner 

18 layers being deposited on roller 170 as the supply of 

19 concentrate was being depleted. It is for this reason that 

20 the area 160 between housing 152 and movable platform 156 
Jt ^ V aCked W±th 3 SP ° R **- Iik * »aterial and platform 156 is 

22 fitted wxth a network of tiny capillaries 162. Excess 

23 carrier liquid in the toner concentrate generated by the 

24 squeegee action of rollers 170 and 172 will drain through 

25 these capillaries and be absorbed by the sponge-like 

26 material, so that at any given time during the life-span of 

27 the cartridge, the liquid content of the toner concentrate 

28 will remain substantially the same. 

29 The developer assembly described with reference to 

30 Figs. 7A and 7B may be easily adapted for use with the 

31 embodiments of Figs. 1, 2, 4 and 5. 

32 Although a variety of toners are suitable, a preferred 

33 toner for the embodiments of Figs. 7A and 7B is made in the 

34 following method: 

35 compound j nq 

36 36 grams of Picotoner 1278 (Hercules), a styrene 

37 acrylate copolymer, is loaded on a Brabender two-roll mill 

38 preheated to 160-C. 30 grams of Mogul-L (Cabot) carbon 
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J " a ti„uL 8 ad h d r? ±n aBOUntS dUrln ' a of about 

3 crams' o T T W ° rking ° f the " ,aterial is -ntinued. 84 
grains of Iotec 8030 (EXXON* ^ . 

copolymer i- acrylic acid ethylene 

opoiymer partial sodium salt. J ._^ J 


4 copolymer partial sodium san- ^ ^ J 

6 discharged and after it U ls 
7 

8 

9 the size redact—- — ^ «rerial is used in 

10 Size 


di M " - ° f coni P oundi ng- The material is 

discharged and after it 1= „ , a ls 

* . Xer at is c °°led to room temperature it is 


rilled with *wi * « ~~ aL ^w 

2< AIt.rn.tiv.ly, «,„ u 

th.t th. „r„.»t i„v.„tio„ i. nM u ^ tM t0 »* ~* 


26 
27 

28 it 
29 
30 


32 
33 
34 
35 
36 
37 
38 
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1 

2 1. 


Imaging apparatus comprising: 
3 a first member having a first «=t,>-^ 

a second memh«>- „. . . ge ' 


second member charged to » t-, ■ , 
o intermediate the first anrfo , d v °ltage 

. —« ««„ ^ a 0 ^"""~ - • 

15 thereby forming on the secoB ! ! 6 Set= ° nd re 9i°n, 
. . , 13 " txie second surface a i-k « 

ll ' Ula "~r confining . r.Uti».l, ^1 . °* 
17 a.rg.a „„„ p.« lol ... * V ° ly 1U9h concntrntion or 

" ..i.=™r tr L«.r:r M " 9 t tt * ia " nt i -~ «* - 

2. Imaging apparatus comprising: 

a first member including a first surf ac „ h • 
t re ° n 3 latent e^ctrostatic ^ ^ f «- 
electrostatic image having image regions It' a - . ^ 
-d background regions at a second Lltage; V ° lta9e 
a second member charged to a ' +u • ^ 

32 intermediate the f irst and J * toird vo ^age 

irst and second voltaae«5 w 

33 second surface adapted for resilient ^ * 

34 fi rst surface- "silent engagement with the 


20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 
31 


first surface; 

33 a third member adapted for deposit ino nn 

3 6 of the second member a thin f surface 

37 containing a relatively hLh f ^ ° f 1AqU " *° ner 

38 particles^ * ^ C ° ncent «"°n of charged toner 


SUBSTITUTE SHEET 


WO 93/01531 PCT/NL91/O0243 

- 21 - 

1 means for 

2 


5 .urLo. o f th. ..,,„..* """loos o«»oio.lng „ ^ 

« W., .no "***" °«»«tu«i», d .. lr . d 


7 
8 
9 

10 3 


wherein \h "^ tatUS a «°rding to- claim 1 or claim , 
wherem the liquid toner supplied to th lai * 3 

comprises more th an 15% ch *7+ SeC ° nd re5ion 

15% charged toner particles. 


3. Imaging apparatus accordina t„ „i • 

« liquid toner comprises ^e Wh6rein the 

12 particles. 1688 than 35% barged toner 

13 

14 4. Imaging apparatus accordina *« • 

" wherein the liouid fc ™ ! !I ^ 1 ~ =^im 3 

16 

17 

18 5. Imaging apparatus accordina t« * 

19 wherein the concentration * ° f Claims « 
, ft . "^entration of toner particles ir, ^ 

20 toner supplied . pari::LC - Les m the 

21 
22 

23 6. Imaging apparatus accordina to - 


toner . W U M to ^ ~ ~ ' wiol.. i„ u M 

— u to. toxo^r^"^-""-"— t„. 


27 

28 7 
29 
30 
31 


Imaging apparatus according to any of 
claims wherein the thin layer of li^L to 
»ore than 20* charged toner Articles comprises 

32 8. Imaging apparatus according to anv of -h 

33 claims herein the layer of £L£ t Preceding 

34 tenure and almost dry t o Je touch * ~ ^ *» 
35 

" 9. imaging apparatus according to any of th « 

37 claims wherein the thin layer of "Lui d T 

33 concentration of toner partes ^ ^ «„V 
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1 10. imaging apparatus according to claim 9 wherein the 

2 thin layer of liguid toner has a concentration of toner 

3 particles greater than 50 per cent. 
4 

5 11. imaging apparatus according to any of claims x-7 

6 wherein the layer of liguid toner comprises less than 35% 

7 charaed tonor nB i~i-4_<i 


8 


charged toner particles. 


9 12. imaging apparatus according to any of claims 1-10 

10 wherein the layer of liguid toner has a thickness between 2 

11 and 8 micrometers. 


12 

13 13 


Imaging apparatus according to any of claims 1-7 or 11 

in the *■ 

15 micrometers . 


14 wherein the thin layer has a thickness between 5 and is 


16 

17 14. 


imaging apparatus according to any of the preceding 
18 claims wherein at least one of the first and second 
surfaces is formed of a resilient material. 


19 
20 


21 15. imaging apparatus according to any of the preceding 

22 claims wherein the third member is a roller with an 

23 elastomer surface. 
24 

25 16. Imaging apparatus according to any of claims 1-7 n 

26 or 13 wherein the third member is a resilient blade. 

28 17. imaging apparatus according to any of claims 1-7 X1 

29 or 13 wherein the third member is a spring-mounted wire- 
3 0 wrapped solid rod. 

31 

32 18. 


Imaging apparatus according to any of claims 1-7 


33 or 13 wherein the third member comprises a" metallic-screen 

35 h !"! W <3rUm Containin 9 toner and a squeegee blade 
36 

37 18. Imaging apparatus according to any of claims 1-7 X1 

38 or 13 including a doctor blade in engagement with' the 


— — — -vjuccycc 

urged against the inner surface of the metallic-screen 
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2 


3 19 

4 
5 
6 

7 20 
8 
9 
10 

11 21. 


19. Imaging apparatus accordina * 

claims wherein the third -J^ti^"' ^ I "~ Ub » 
the means for sup p i ying i iguid t *f™ ^ C °* P ° nent of 


the 
a 


the 
form 


, wura member is ar 

thS " ,eanS *« «Wlyl»» H g ui d toner 

20- Imaging apparatus according to 

metallic-screen holl ou ^ laiB1 18 herein 

« 22. amq ■»«„,, co-prisin,, 

» — i*r,rr i~ «— 

23 first sart.c,- "™ •"Ww—rn „ith tha 

24 extrusion coatina h 

« ..cons surt , c . vl , 9 th ™f " e "» to com a . 

30 . to .i wi ^,. w •» a» «~t .»„«. to torii 

33 .U^tT tr '° S '- 1 "' «- t= . fln , 1 


37 
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thickness of the thin layer is b.^ 
2 micrometers. between 5 and 15 


3 


15 
16 
17 
16 


4 25. Imaging apparatus comprising: 

5 a first member includina a fircf 

n aT ^-- , gh concentration of charo^ - 

particles in a carrier lim,^ v cnarged toner 

developed as the Tl^L t ' **** ^ latent is 

and second * «- «« 

" hou.4 "r^L^Cr^r r centrate — «- 

concentration of LlidsT U^" ^ * «« 

-usinT ivX? 8 p :::„? liguid toner c °— — «- 

which is neater than Se f TsT rati ° n °* 8 ° lldS t0 
n ™ e fi *st concentration. 

30 27. a replaceable liquid tnn^ ^ 

31 comprising: deve ^Per cartridge 

32 a housing; 

35 means for dispensing a thin laver „# , ■ 

36 concentrate fro B the housing * ligUld t0ner 

37 

38 28. A liquid toner developer car tr^^ 

eloper cartridge according to claim 


25 
26 
27 
28 
29 
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3 the concentration of the thin la^. tha " 

« " or cl ala 28 whereln th f *J""f a «°rding to clailn 

' than 30 percent ana th ^seco" * C ° n ° entrati - heater 
8 than 50 percent. °° ncent «tion is greater 

30. A liquid toner developer cartrid„ 

claims 2S. 28 or 29 .herein the f L st aCC ° rding ^ *"* ° f 
« than 35 percent and the second Kt C «ation is less 
13 than 50 percent. ^ conce "tration is greater 

31- A liquid toner developer cartel 

claims 26-28 wherein the *7 Cartridge a «°rding to any of 
- is crum.lv i„ J^L and ZlTl — ^te 

18 " a aln, °st dry to the touch. 

32- A liquid toner developer cartels 

claims 26-3! wherein the mean TZl T^T*^ * ° f 
least two rollers, the f irst ro^T T^ 9 inClUdes at 
-ace and the second rol^ I^a ^T^™^ 

23 ^nd^^^ claim 
26 different electrical potentiaL ^ ^ r ° lle « *> 


9 

10 30 

11 
12 
13 
14 
15 31 
16 


19 

20 

21 

22 

23 

24 


27 
28 
29 


34. A liquid toner developer cart^ rf „ 

claims 26 - 33 an* including Lam PS aCC ° rdin * to «V of 

30 the quantity of liquid toLr T ^ dil ^n of 

31 housing after li<JTto^ -he 

32 therefrom toner concentrate has been dispensed 

33 

35. a liquid toner developer cartr ^ n 

the preceding ci aiffls wheLin a^ n ™ 9 £ ^ « 
concentrate is not removed from the oartrL ^P^sed 
»eans for reclaiming the unremove^ por tLn ^ inClUdin9 


34 35 

35 
36 
37 
38 
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- 36. A liquid toner developer oartr^ 

"herein the a e ans *J~L^.?" mam ^ *° 


2 34 wherein the means ' ^Zli accor ^ng to clain, 

3 capillary ffle ans tor drawing " ti0 " ° 0n,PriSeS 
« -ervoir containing a^ntlUTL 1 ^- 

excess liquid. rxal for storing 


5 
6 

7 37. 


a 
the 


A liquid toner developer cartri^ 

■ - and further inciudL/: e i:%\rT din9 to ciaim 

9 reclaimed portion. r dis P«rsing the 


9 
10 

11 3B 


A liquid toner developer cartr^rr. 
« 37 wherein the »eans for disp^^ to 
« rods bearing teeth which rotatTLT T*— * ^ ° f 
14 rotate m opposite directions. 
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